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Purpose: To investigate the pharmacogenetic associations between the genetic risk variants of age-related macular
degeneration (AMD) and long-term outcome after intravitreal anti-vascular endothelial growth factor (VEGF) treatment
in Korean neovascular AMD patients.
Methods: This prospective study included 394 treatment-naïve patients (394 eyes) that underwent intravitreal anti-VEGF
treatment for neovascular AMD for at least 12 months. Patients were genotyped for 17 single nucleotide polymorphisms
within 13 AMD-relevant genes. Initially, patients underwent three monthly injections of intravitreal ranibizumab and
were retreated as needed with ranibizumab or bevacizumab. For each candidate polymorphism, genotypic associations
with treatment outcome measures at months 12 and 24, including mean change in best-corrected visual acuity (BCVA)
from baseline, visual gain of ≥15 letters, mean change in central subfield macular thickness (CSMT) from baseline on
spectral domain optical coherence tomography (OCT), presence of fluid on OCT, and mean number of injections, were
investigated using logistic or linear regression models with adjustment for non-genetic covariates.
Results: At month 24, BCVA improved by 4.5 ± 22.5 letters and CSMT decreased by 69.4 ± 112.6 µm from baseline.
Regression analysis with Bonferroni correction showed that the TT genotype for VEGFA rs3025039 was associated
with a significantly higher chance of a visual gain of ≥15 letters at month 24 than other genotypes (odds ratio, 4.57;
95% confidence interval, 1.89 - 11.1; corrected p = 0.0434). As for tomographic outcome, the minor allele homozygotes
for ARMS2 rs10490924 and HTRA1 rs1100638 (GG genotype for both) were associated with a larger CSMT reduction
at month 12 than other genotypes, with borderline significance after Bonferroni correction (118.6 ± 132.7 µm versus
62.7 ± 89.7 µm, corrected p = 0.0656 for rs10490924; 115.7 ± 131.7 µm versus 63.6 ± 89.8 µm, corrected p = 0.0528 for
rs11200638). No polymorphism showed a significant association with the number of injections.
Conclusions: In this Korean neovascular AMD cohort, treatment outcome after anti-VEGF was found to differ by the
genotypes of VEGFA rs3025039, ARMS2 rs10490924, and HTRA1 rs11200638. Given more evidence of pharmacogenetic
associations with the anti-VEGF agent, individualized therapeutic approaches based on genetic background could lead
to optimal treatment in neovascular AMD.

Age-related macular degeneration (AMD) is the major
cause of irreversible vision loss in elderly people in developed countries. The neovascular (or exudative) form of
AMD, characterized by choroidal neovascularization (CNV)
formation and proliferation of fibrous tissue, represents only
10–15% of all AMD cases but is responsible for more than
90% of severe visual loss caused by AMD [1].
Treatment for neovascular AMD has dramatically
improved since the introduction of intravitreal therapy with
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anti-vascular endothelial growth factor (VEGF) monoclonal
antibody. Two pivotal randomized clinical trials showed that
monthly ranibizumab enabled a visual gain of ≥15 letters
in 30% to 40% of neovascular AMD patients [2,3]. The
most widely used agents are the on-label anti-VEGF agent
ranibizumab (Lucentis; Novartis, Basel, Switzerland) and
the off-label agent bevacizumab (Avastin; Roche, Basel,
Switzerland). In addition, a novel VEGF inhibitor, aflibercept (Eylea, Bayer HealthCare, Berlin, Germany), which is
a recombinant fusion protein composed of components of
both VEGF receptor 1 and receptor 2, showed comparable
efficacy in visual improvement in neovascular AMD patients
[4]. Recently, the “Comparison of Age-Related Macular
Degeneration Treatments Trials” (CATT) and the “Alternative
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Treatments to Inhibit VEGF in Patients with Age-Related
Choroidal Neovascularization” (IVAN) study groups reported
that the effects of ranibizumab and bevacizumab on visual
acuity were equivalent [5,6].
Although anti-VEGF treatment is effective in most
neovascular AMD patients, some patients do not benefit from
treatment, and 5% to 10% of patients lose ≥15 letters despite
treatment [2,3,5,6]. Genetic profile seems to contribute to
this variability in therapeutic responsiveness. To date, some
studies have suggested that CFH Y402H, ARMS2 rs10490924,
HTRA1 rs11206038, APOE, and several VEGFA polymorphisms were associated with outcomes after ranibizumab
or bevacizumab treatment [7-21]. However, recent pharmacogenetic studies from two multicenter randomized trials
(the CATT and IVAN trials) reported that no statistically
significant association was found between genetic variants and anti-VEGF responsiveness [22-24]. Therefore, the
genetic association with outcome after anti-VEGF treatment
in neovascular AMD is still controversial.
On the other hand, the ethnic diversity in AMDassociated polymorphisms may contribute to therapeutic
responsiveness to anti-VEGF in East Asian AMD patients
[25,26]. However, there has been no large-scale pharmacogenetic study of anti-VEGF treatment in East Asian neovascular
AMD populations. This prospective cohort study aimed to
investigate whether the genetic variants previously reported
to be associated with AMD susceptibility contribute to the
therapeutic outcomes after anti-VEGF treatment in Korean
neovascular AMD patients.
METHODS
Study design and patient eligibility: The treatment protocol
and design of this study were approved by the Institutional
Review Board of Seoul National University Hospital and
were performed in accordance with the tenets of the Declaration of Helsinki. Written informed consent was obtained
from all patients before participation. Outpatients who started
intravitreal anti-VEGF treatment for active CNV secondary
to AMD at the retina center of the Seoul National University Hospital between January 2009 and July 2011 were
prospectively recruited. CNV was considered active when
both leakage on fluorescein angiography (FA) and fluid on
optical coherence tomography (OCT) were observed either
within or below the retina.
Inclusion criteria were age of ≥50 years, subfoveal CNV
secondary to AMD with an initial best corrected visual acuity
(BCVA) of ≥5 letters using the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart. Only patients of Korean
descent who agreed to blood sampling for genetic analysis

© 2014 Molecular Vision

were included, and all angiographic lesion types were
included in the study. Exclusion criteria were a myopic refractive error of >6 diopters, CNV secondary to causes other than
AMD, polypoidal choroidal vasculopathy (PCV), presence
of a disciform macular scar or atrophy, any prior treatment
for neovascular AMD, previous history of vitrectomy, and
follow-up loss within 12 months after the first injection.
When both eyes of a patient were eligible at presentation,
only the eye with shorter symptom duration was included.
If a fellow eye developed CNV during the course of study,
it was treated at the discretion of treating physicians but was
not included in the study.
Clinical examination and anti-VEGF treatment protocol:
At initial presentation, patient demographics and a peripheral blood sample for DNA extraction were collected after
obtaining consent. Patients underwent a full ophthalmic
examination including BCVA measurement, slit-lamp
examination, intraocular pressure measurement, fundus
examination, spectral domain OCT (Cirrus HD-OCT, Carl
Zeiss Meditec, Dublin, CA), FA, and indocyanine green angiography (ICGA). Visual acuity was measured using ETDRS
charts at a distance of 4 m by well-trained testers after standardized refraction. With OCT, the central 1-mm subfield was
analyzed using automated software to obtain central subfield
macular thickness (CSMT). If there was an error in the automated segmentation of the inner limiting membrane or retinal
pigment epithelium (RPE) by OCT algorithm, CSMT was
manually corrected using a caliper provided by the software.
Angiographic subtypes were defined using baseline FA as
predominantly classic (>50% classic, well demarcated areas
of hyperfluorescence appearing early in the angiogram
followed by late leakage), minimally classic (<50% classic),
or occult (leakage appearing only late in the angiogram). PCV
was diagnosed based on the presence of branching vascular
networks and polypoidal choroidal vascular lesions on ICGA
images, and patients with PCV were excluded from the study.
Using digitalized FA images and fundus photographs, the
total area of CNV lesion, which includes CNV, thick blood,
blocked fluorescence, and serous detachment of the RPE, was
measured in disc areas (DA).
All patients underwent three monthly injections of
ranibizumab (month 0, 1, 2), followed by treatment on an
as-needed basis until month 24. During the as-needed phase,
anti-VEGF re-treatments were performed at monthly visits
when any of the following criteria were met: evidence of
persistent fluid by OCT, BCVA loss of >5 letters or CSMT
increase of >100 µm from the previous visit, or new macular
hemorrhage. Bevacizumab was used for re-treatment in some
patients whose medical insurance coverage for ranibizumab
1681
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. Table 1. Characteristics of candidate genetic markers.
Chr

Gene

Location

dbSNP ID

Major/Minor
Allele

MAF

Genotyping
Method

HWE P
- value

Genotyping
rate

1

CFH

I62V

rs800292

G/A

0.281

SNaPshot

0.503

100%

1

CFH

Y402H

rs1061170

T/C

0.097

SNaPshot

1

99.0%

1

CFH

IVS14–
543A/G

rs1410996

G/A

0.314

Taqman

0.213

99.8%

6

CFI

64060C/T

rs10033900

T/C

0.302

Taqman

0.633

99.8%

6

C2

E318D

rs9332739

G/C

0.014

Taqman

0.098

100%

6

CFB

R32Q

rs641153

G/A

0.063

SNaPshot

1

99.5%

6

SKIV2L

3493G/A

rs429608

G/A

0.071

Taqman

0.144

99.5%

6

VEGFA

C-2578A

rs699947

C/A

0.298

SNaPshot

0.087

99.5%

6

VEGFA

C936T

rs3025039

C/T

0.234

Taqman

0.401

100%

10

ARMS2

A69S

rs10490924

T/G

0.313

Taqman

0.043

99.8%

10

HTRA1

−625A/G

rs11200638

A/G

0.315

Taqman

0.008

100%

12

SCARB1

A350A

rs5888

C/T

0.262

Taqman

0.425

99.8%

17

PEDF

Met72Thr

rs1136287

C/T

0.489

Taqman

1

99.5%

19

C3

R80G

rs2230199*

C/G

0

Taqman

1

99.7%

19

APOE

Cys112Arg

rs429358

T/C

0.095

Taqman

0.336

98.7%

19

APOE

Arg158Cys

rs7412

C/T

0.063

Taqman

1

98.6%

22

SYN3/TIMP3

IVS5–
91789G/T

rs9621532

T/G

0.027

SNaPshot

0.508

99.8%

SNP=Single nucleotide polymorphism (dbSNP ID); MAF=Minor allele frequency; HWE=Hardy–Weinberg Equilibrium; IVS=Intervening
sequence *: Excluded from analysis because all patients showed CC genotype

had been terminated. A dose of 0.5 mg ranibizumab or
1.25 mg bevacizumab, both in 0.05 ml solution, was injected
intravitreally under standard sterile conditions.
DNA preparation and genetic analysis: Approximately
10 ml of peripheral blood was collected from each patient
at initial presentation. Genomic DNA was prepared using a
nucleic acid isolation device, QuickGene-mini80 (FUJIFILM,
Tokyo, Japan). In this study, candidate genes for analysis
were selected from previous reports of AMD-associated
genes, including CFH, ARMS2/HTRA1, C2/CFB/ SKIV2L,
C3, CFI, VEGFA, APOE, PEDF, SCARB1, and SYN3/TIMP3
[27-37]. Commonly evaluated polymorphisms of these genes
were chosen based on a review of previous pharmacogenetic
studies of anti-VEGF agents for neovascular AMD treatment
[7-18,38]. In total, 17 candidate polymorphisms in 13 genes
were determined. All genetic variants were genotyped using
TaqMan SNP genotyping assays (Applied Biosystems Inc.
[ABI], Foster City, CA) or SNaPshot Multiplex kit (ABI)
according to the manufacturer’s recommendations. The
characteristics, genotyping method, and overall genotyping
results for candidate polymorphisms are listed in Table 1, and
primer sequences for polymerase chain reaction are listed
in Appendix 1. Hardy–Weinberg equilibrium (HWE) for

genotypic distributions was evaluated using the HWE exact
test.
Treatment outcome measures: Evaluation of treatment
response was based on visual acuity, tomographic features
assessed by OCT, and number of injections. Visual outcome
variables were mean BCVA change from baseline and the
proportion of patients with a gain of ≥15 letters from baseline.
Tomographic outcome variables were mean CSMT change
from baseline and the proportion of patients who showed dry
status without fluid on OCT. The checking and correction of
CSMT measurements by OCT and a qualitative assessment
of dry status on OCT were performed independently by two
retinal specialists (UCP and JHP) unaware of the patients’
personal information, genotypes, and visual outcome variables. Discrepancies were resolved by consensus.
Statistical analysis: Non-genetic covariates included in the
analysis were age, sex, smoking status (ever versus never),
CNV lesion type (predominantly classic versus others), AMD
status of fellow eye (presence of CNV at baseline or development during follow-up versus absence), and baseline BCVA,
CSMT, and CNV lesion size. A linear regression model was
used to determine the influence of non-genetic covariates on
1682
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Table 2. Demographic and baseline clinical features of the patients.
Variables

Total

Number of patients

394

Mean Age (years)

69.4 ± 7.9 (51-91)

Male / Female

219 (55.6%) / 175 (44.4%)
Smoking status

Never

235 (59.6%)

Ever (current / ex-smoker)

159 (40.4%)

Angiographic lesion type
Predominantly classic lesion

81 (20.6%)

Minimally classic lesion

112 (28.4%)

Occult lesion

201 (51.0%)
Fellow eye neovascular AMD status

Presence at baseline

49 (12.4%)

Development during follow-up

52 (13.2%)

Baseline Visual Acuity, ETDRS letter

46.4 ± 21.1 letters

Baseline Central Subfield Macular Thickness, µm

322.0 ± 95.3 µm

Baseline CNV lesion area, DA

3.6 ± 4.1

ETDRS = Early Treatment Diabetic Retinopathy Study; CNV = Choroidal neovascularization; DA = Disc
area

continuous outcome variables (i.e., mean changes in BCVA
and CSMT from baseline). When investigating the genetic
influence of each polymorphism, results were adjusted for
all non-genetic covariates.
The associations between the genotypes of candidate
polymorphisms and treatment outcome variables at months
12 and 24 were evaluated using regression models. Analyses
were performed for each genetic variant independent of
other variants using allelic, dominant, recessive, and additive genetic models. A linear regression model was used to
analyze continuous outcome variables (i.e., mean changes in
BCVA and CSMT from baseline). In the analysis of categorical outcome variables (i.e., visual improvement of ≥15 letters
or dry status on OCT), an ordinary logistic regression model
was used to calculate odds ratio (OR) and 95% confidence
interval (CI). Correction for multiple testing was performed
using the Bonferroni method. For variants showing a significant association, any change of the associated treatment
outcome variable throughout the entire 24-month follow-up
was investigated with independent regression analyses at each
time point to verify the influences of the genotype.
Statistical analyses were performed using PLINK software version 1.07 and SPSS for Windows version 21.0 (SPSS
Inc., Chicago, IL). For the APOE gene, allelic variants of ε2,
ε3, or ε4 resulting from the combination of two polymorphisms (rs429358, rs7412) were used in the analysis. The

effect of the presence of the ε2 (1 or 2 versus no ε2 allele) or
the ε4 allele on treatment response was investigated respectively. For all statistical tests, corrected p values of <0.05 were
considered statistically significant.
RESULTS
Cohort characteristics and anti-VEGF treatment outcome:
Of the 443 patients who met the inclusion/exclusion criteria,
the genetic samples of six patients did not yield sufficiently
high-quality DNA, and 43 patients failed to complete 12
months of follow-up. Accordingly, 394 patients (394 eyes)
were available for analysis after 12 months of follow-up and
366 patients were available after 24 months.
Patient demographics and baseline characterizations of
AMD phenotypes are presented in Table 2. Mean age at baseline was 69.4 ± 7.9 years, and mean baseline BCVA was 46.4 ±
21.1 ETDRS letters (approximate Snellen equivalent 20/118).
Mean BCVA improvements from baseline were 7.8 ± 18.8
and 4.5 ± 22.5 letters at month 12 and 24, respectively. The
proportions of patients who showed visual improvement of
≥15 letters from baseline were 29.2% at month 12 and 30.9%
at month 24. Patients received on average 6.7 ± 1.9 injections
in the first 12 months and 3.8 ± 2.3 injections in the second
12 months. Sixty-five patients (16.5%) were treated with only
ranibizumab, and the remaining 329 (83.5%) received one or
more injections of bevacizumab during follow-up.
1683
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at month
24

at month
12

at month
24

at month
12

-34.408 ±
10.623
(P = 0.101)

(P = 0.008)

(P = 0.653)

(P = 0.004)
1.452 ± 0.545

-3.947 ± 9.116

(P = 0.805)

1.341 ± 0.452

(P = 0.001)

0.661 ± 2.683

(P = 0.931)

(P = 0.035)
-0.461 ± 0.138

0.165 ± 2.224

-0.244 ± 0.124

Sex

(P = 0.105)

-30.274 ±
10.758

(P = 0.618)

-4.692 ± 9.230

(P = 0.304)

2.796 ± 2.717

(P = 0.089)

3.846 ± 2.342

Smoking

(P = 0.146)

-0.312 ± 0.214

(P = 0.376)

0.163 ± 0.192

(P < 0.001)

-0.434 ± 0.054

(P < 0.001)

-0.395 ± 0.065

Baseline BCVA

(P < 0.001)

-0.796 ±
0.045

(P < 0.001)

-0.728 ±
0.139

(P = 0.836)

0.002 ± 0.011

(P = 0.709)

-0.004 ±0.01

Baseline
CSMT

(P = 0.140)

2.176 ± 1.057

(P = 0.134)

1.324 ± 0.895

(P = 0.007)

-0.726 ± 0.267

(P = 0.046)

-0.433 ± 0.210

Baseline CNV
lesion size

(P = 0.523)

-7.058± 11.049

(P = 0.075)

16.833± 9.367

(P = 0.841)

-0.561± 2.791

(P = 0.830)

0.477 ±2.313

Lesion type

(P = 0.152)

-4.772
±3.832

(P =
0.385)

-3.112
±5.212

(P = 0.605)

2.627
±1.071

(P = 0.452)

2.056
±1.721

AMD
status of
fellow eye

BCVA = Best-corrected visual Acuity; CSMT = Central subfield macular thickness; CNV = Choroidal neovascularization; AMD = Age-related macular degeneration

CSMT change
from baseline

BCVA change
from baseline

Age

Table 3. R egression coefficients (β) and P values for association of non- genetic covariates with continuous outcome variables at month 12 and 24.

Molecular Vision 2014; 20:1680-1694 <http://www.molvis.org/molvis/v20/1680>
© 2014 Molecular Vision

Number of
injections

CSMT change
from baseline

Dry status on
OCT

BCVA change
from baseline

≥ 15-letter gain

1685

24mo

12mo

24mo

rs3025039

rs11200638

HTRA1
VEGFA

rs10490924

rs11200638

HTRA1

ARMS2

rs10490924

rs11200638

rs10490924

-

-

-

-

rs3025039

-

Variant

ARMS2

HTRA1

ARMS2

-

24mo

12mo

-

-

24mo

12mo

-

VEGFA

24mo

12mo

-

Gene

12mo

Outcome parameters

-62.3 / -62.4 /
-123.7 (µm)

6.8 / 6.8 / 6.1

6.8 / 6.7 / 6.1

AA(188) /
AG(133) /
GG(45)
TT(196) /
TG(150) /
GG(47)
AA(202) /
AG(144) /
GG(48)

CC(219) /
CT(124) / TT(23) 10.7 / 10.4 / 9.0

-63.2 / -60.9 /
-126.2 (µm)

-

Recessive

Additive

Recessive

-

-

Recessive

Recessive

0.015

0.0286

0.0304

0.0344

0.0293

0.0323

0.0258

Additive

0.0384

0.0033

0.0141

0.004

0.0141

0.0027

Recessive

-

-

-

-

-

Uncorrected
P - value†

Additive
-

-

TT(183) /
TG(139) /
GG(44)

Recessive

-63.0 / -62.4 /
-115.7 (µm)

AA(202) /
AG(144) /
GG(48)
-

-

Recessive

Additive

-

Additive

-62.9 / -62.4 /
-118.6 (µm)

-

-

-

-

TT(196) /
TG(150) /
GG(47)

-

-

-

4.57 (1.89-11.1)

-

OR (95% CI)**

-

-

-

-

Recessive

-

-

Genetic
model

CC(219) /
64(29.2) / 39(29.0)
CT(124) / TT(23) / 13(56.5)

N (%) or Mean*

-

Genotype (N)*

Table 4. Pharmacogenetic association with anti-vascular endothelial growth factor treatment outcome in neovascular age-related macular degeneration patients.

-

-

-

-

-

Corrected P
- value††

0.2352

0.4576

0.4864

0.5504

0.4688

0.5168

0.4128

0.6144

0.0528

0.2256

0.0656

0.2256

0.0434

Molecular Vision 2014; 20:1680-1694 <http://www.molvis.org/molvis/v20/1680>
© 2014 Molecular Vision

Variant

rs10490924

rs11200638

Gene

ARMS2

HTRA1

N (%) or Mean*

10.5 / 10.9 / 9.4

10.5 / 10.9 / 9.4

Genotype (N)*
TT(183) /
TG(139) /
GG(44)
AA(188) /
AG(133) /
GG(45)
Recessive

Recessive

Genetic
model

-

-

OR (95% CI)**

0.0275

0.0338

Uncorrected
P - value†

Corrected P
- value††

0.4403

0.5408

OR = Odds ratio; CI = Confidence interval; BCVA = Best-corrected visual acuity; OCT = Optical Coherence Tomography; CSMT = Central subfield macular thickness *: Major
allele homozygote / Heterozygote / Minor allele homozygote **: Odds ratio calculated for minor allele homozygote †: Uncorrected P - value from logistic regression model
(categorical outcomes) or linear regression model (continuous outcomes); Polymorphisms with uncorrected P value < 0.05 are listed ††: P - value corrected for multiple testing
with Bonferroni method.

Outcome parameters
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Figure 1. The proportion of patients
who showed a visual improvement
of 15 or more letters from baseline
according to the VEGFA gene
rs3025039 genotype under the
recessive genetic model. Uncorrected p values from ordinary
logistic regression are <0.05 at all
time points, except months 12 and
18.

Regression coefficients (β) and corresponding 95% CI
and p values for non-genetic covariates are presented in
Table 3. The regression model revealed that younger patients
were more likely to achieve greater improvements both in
BCVA and CSMT. Lower baseline BCVA and higher baseline
CSMT were associated with a greater increase in BCVA and a
greater decrease in CSMT, respectively. Baseline CNV lesion
size was found to be significantly inversely associated with
BCVA change from baseline, but gender, smoking, lesion
type, and AMD status of fellow eye showed no significant
association with continuous outcome variables. The results
of the pharmacogenetic analyses were adjusted for all nongenetic covariates.
Pharmacogenetic analysis: The overall genotyping rate was
99.6% and missing data was less than 2% for each candidate
variant. The distribution of genotypes for each genetic variant
was consistent with the HWE (p>0.05), with the exception
of the ARMS2 and HTRA1 variants. The ARMS2 (A69S,
rs10490924) and HTRA1 (−625A/G, rs11200638) variants are
highly associated with AMD risk in East Asian populations,
so it is not surprising that these variants deviated from HWE
in a population completely comprising Korean neovascular
AMD subjects. In this cohort, no subject carried the rare allele
for the C3 rs2230199 variant, so pharmacogenetic analysis
was performed for 16 SNPs in the 12 genes (C3 rs2230199
was excluded). The nominal p value for statistical significance should be less than 0.0031 (= 0.05 / 16) when applying
the Bonferroni method to correct for multiple testing.

Regarding regression analyses for pharmacogenetic
associations with treatment outcome variables, the genetic
variants that reached at least nominal significance (uncorrected p<0.05) are summarized in Table 4. Nominally
significant associations were found usually under the recessive model, and the associations between all candidate polymorphisms and visual and tomographic outcome variables
and the number of injections as determined by the recessive
and additive models are listed in Appendix 2, Appendix 3,
and Appendix 4, respectively. For polymorphisms with an
extremely low minor allele homozygote frequency of <3%,
that is, CFH rs1061170, C2 rs9332739, CFB rs641153, SKIV2L
rs429608, and SYN3/TIMP3 rs9621532, results of the dominant model are shown.
For visual outcome measures, VEGFA rs3025039 was
the only polymorphism significantly associated with visual
improvement of ≥15 letters. According to the recessive model,
patients with the TT genotype at VEGFA rs3025039 were
4.6 times (OR, 4.57; 95% CI, 1.89 – 11.1; uncorrected p =
0.0027; corrected p = 0.0434) more likely to achieve visual
improvement of ≥15 letters at month 24 compared to patients
carrying other genotypes (Figure 1). Additional evaluation for
other time points (every three months till month 24) showed
nominal significance (uncorrected p<0.05) at all time points,
except months 12 and 18.
For tomographic outcome measures, no candidate
polymorphism showed statistically significant pharmacogenetic association, but genetic variants at the 10q26 locus
(ARMS2 rs10490924, HTRA1 rs11200638) showed possible
1687
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Figure 2. Mean change in central
subfield macular thickness during
24-month follow-up according to
the 10q26 locus polymorphisms
(A: ARMS2 rs10490924, B: HTRA1
rs11206038) under the recessive
model. Uncorrected p values from
linear regression are <0.05 at all
time points, except month 3.

associations with mean CSMT change under the recessive
model. At month 12, mean CSMT reduction from baseline in
patients homozygous for the minor allele (GG genotype for
both polymorphisms) was greater than in patients with other
genotypes (118.6 ± 132.7 µm versus 62.7 ± 89.7 µm, uncorrected p = 0.0040, corrected p = 0.0656 for rs10490924; 115.7
± 131.7 µm versus 63.6 ± 89.8 µm, uncorrected p = 0.0033,
corrected p = 0.0528 for rs11200638). The variants were
highly correlated (r2 coefficient of linkage disequilibrium =
0.949), and for both variants, the greater CSMT reduction
observed in minor allele homozygotes persisted through
to month 24 (uncorrected p<0.05 at all time points, except
month 3; Figure 2).
There was no polymorphism with a statistically significant association with the number of injections at month 12 or
at month 24. Minor allele homozygotes of 10q26 locus variants at both 12 and 24 months and minor allele homozygotes
of VEGFA rs3025039 at 24 months received fewer injections
compared to other genotypes (uncorrected p<0.05), but this
did not survive Bonferroni correction (Table 4).

DISCUSSION
This is the first large-scale, long-term pharmacogenetic study
of anti-VEGF treatment for neovascular AMD in an East
Asian population. The mean visual acuity gain of 4.5 letters
after two years of anti-VEGF treatment was comparable to
the two-year results of the as-needed treatment groups in
the CATT and IVAN clinical trials, which were 5.87 and 3.5
letters, respectively [5,6]. Although monthly follow-up and
as-needed anti-VEGF treatment improved vision and retinal
morphology on average, not all patients showed favorable
outcomes. In this cohort of 394 Korean neovascular AMD
patients, treatment response was found to be different
according to the genotypes of some polymorphisms in
VEGFA and ARMS2/HTRA1.
In this study, minor allele homozygotes for VEGFA
rs3025039 showed a significantly higher proportion of visual
gains of ≥15 letters at month 24 compared to the other genotype groups. Although the association was significant only
at month 24 when corrected for multiple testing, the consistent trend during the 24-month study period supports the
relevance of rs3025039 to visual response after anti-VEGF
treatment. The rs3025039 (936C>T) polymorphism located in
the 3′-untranslated region leads to loss of a potential binding
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site for transcription factor AP-4 and is reported to inhibit
the transcription of VEGF [39]. Plasma VEGF levels were
reported to be lower in carriers of the T allele compared
to non-carriers. One could hypothesize that the greater
therapeutic effect of anti-VEGF agents observed in the TT
genotype group in this study might be attributable to their
inherently lower levels of VEGF production [39,40].
Previously, there have been several reports of VEGFA
gene associations with anti-VEGF response in neovascular
AMD patients. These associations have been reported for a
range of VEGFA variants, including rs3025000, rs3024997,
rs2010963, rs833069, rs1413711, and rs699947 [10,11,16,1921,41]. To our knowledge, this is the first pharmacogenetic
study to report an association between rs3025039 and treatment outcome after anti-VEGF in neovascular AMD. In addition, a recent study a showed significant association between
polymorphisms in the VEGF receptor 2 (VEGFR2) gene and
visual outcome after ranibizumab treatment in neovascular
AMD patients [42]. Although there are conflicting reports of
no association between VEGFA polymorphisms and response
to anti-VEGF therapy [8,18,24,43,44], we cannot exclude the
possible role of genetic factors related to the VEGF pathway
in anti-VEGF responsiveness in neovascular AMD.
Regarding tomographic outcome variables, polymorphisms at the 10q26 locus showed an association with
mean CSMT change at month 12, which was marginally
significant after correction. In this study cohort, minor allele
homozygosity for 10q26 variants seemed to have a favorable
influence on CSMT reduction over the entire study period.
Reports of ARMS2 and HTRA1 associations with anti-VEGF
response have been inconsistent to date [7,8,10,11,13,18,2
0,22,38,43,45]. A recent prospective cohort study, which
included 224 neovascular AMD patients, reported that these
two polymorphisms are associated with visual outcome after
anti-VEGF treatment [9], but larger robust pharmacogenetic
studies from CATT or IVAN trials found no evidence of
association [22,23]. Genetic variants at 10q26 locus have
shown strong evidence for AMD susceptibility [46], but their
biologic mechanism is still not fully understood. Although
marginally significant, the present data implies a need for
further investigation of the potential influence of 10q26 polymorphisms on anti-VEGF responsiveness.
In this study, the number of injections was included as
a treatment outcome variable. In an as-needed treatment
protocol, a higher injection frequency generally implies a
more persistent or recurrent nature of a CNV lesion. Although
it was not significant after Bonferroni correction, the minor
allele homozygotes of 10q26 variants and VEGFA rs3025039
required fewer injections compared to other genotypes, and
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this corresponds to their better results in visual and tomographic outcomes. However, the number of injections is
thought to be less representative of therapeutic responsiveness than visual acuity or retinal thickness because some
patients who developed fovea-involving neurosensory retinal
atrophy or subfoveal fibrosis without fluid during follow-up
did not satisfy the retreatment criteria and were likely to
receive fewer frequent injections, although their treatment
response was poor. On the contrary, there are other patients
who maintained relatively good visual acuity and dry macula
with frequent injections.
Although previous pharmacogenetic studies reported
significant associations of anti-VEGF agents for neovascular
AMD treatment, in many studies, the sample sizes were small
and the treatment protocols and outcome measures varied.
In this long-term study, a standardized as-needed treatment
protocol for treatment-naïve neovascular AMD patients
minimized possible bias due to variations in the treatment
regimen. In addition, we evaluated treatment response
multilaterally using both visual and tomographic parameters.
Visual acuity is a subjective measure that is influenced by
the entire visual system and has been reported to be weakly
correlated with retinal morphology as evaluated by OCT [47].
We included tomographic parameters as treatment outcome
measures to reflect anatomic change after anti-VEGF therapy.
This can be helpful in minimizing the error resulting from
using vision as the only measure of treatment response.
The findings of this study do not concur with those of
recent pharmacogenetic studies using a well-defined cohort
of neovascular AMD patients from multicenter randomized
trials (CATT and IVAN), which found no significant association between studied genetic variants and anti-VEGF response
[22-24]. Although such studies have provided robust results
for large populations, our study differs in several respects.
First, they included both monthly and as-needed treatment
groups in their pharmacogenetic analyses, whereas our
cohort included only an as-needed treatment regimen and was
followed-up for a longer period. Second, among the candidate
polymorphisms examined during the present study, only CFH
rs1061170, ARMS2 rs10490924, HTRA1 rs11200638, CFI
rs10033900, CFB rs641153, VEGFA rs699947, and SYN3/
TIMP3 rs9621532 were evaluated in the pharmacogenetic
studies from the CATT and IVAN trials [22-24].
Furthermore, our cohort included only Korean patients
and may reveal unique pharmacogenetic associations of antiVEGF agents that are most relevant for East Asian neovascular AMD patients. If a certain nucleotide has an influence
on treatment response, the pharmacogenetic association
could differ by ethnicity when the allele distribution of the
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candidate polymorphism varies among races. For example,
ARMS2 rs10490924 T allele frequency is 0.431 in Han
Chinese and 0.394 in Japanese, while it is 0.199 in Europeans
(HapMap). In addition, a recent multi-center study reported
that the risk of major AMD variants such as CFH rs1061170
and ARMS2 rs10490924 in Europeans cannot be generalized
to a non-European population [48].
The major weakness of this study is a possible bias
introduced by patients who did not complete 12 months of
follow-up visits. As compared with patients who showed good
response following anti-VEGF treatment, the patients with an
unfavorable outcome were more likely to have discontinued
follow-up. Although we performed interim analyses using
the treatment outcomes of patients who completed 12 months
of follow-up to minimize possible selection bias, the final
cohort of this study at month 24 would represent a relatively
better responding group compared to the initial cohort at
baseline. Another limitation is that we used central 1-mm
subfield thickness obtained from macular thickness maps as
a tomographic outcome variable, and this involves only the
distance between the internal limiting membrane and RPE.
The distance between the internal limiting membrane and
Bruch’s membrane centered on the fovea may reflect the
morphologic change of the fovea more accurately because it
also includes the height of CNV and RPE elevation. Finally,
gene–gene or gene–environment interactions were not fully
evaluated in the present study. To check for possible gene–
gene or gene–age interaction, we performed a multifactor
dimensionality reduction analysis, which adopts a simple
algorithm for detecting genetic interaction of common human
diseases, but we found no significant interaction (data not
shown). Considering that AMD is a complex disease and its
pathogenesis involves various biologic pathways, there still
remains the possibility that therapeutic response might be
affected by interaction among multiple genetic variants or
environmental factors.
In conclusion, this study investigated the pharmacogenetic associations between AMD-relevant genetic variants
and long-term treatment outcomes following a two-year
as-needed anti-VEGF regimen in Korean neovascular AMD
patients. Treatment response was evaluated using visual and
tomographic outcomes and number of injections, and the
results suggested that polymorphisms in the VEGFA and
ARMS2/HTRA1 may influence long-term response to antiVEGF therapy. In addition, there remains the possibility that a
genetic variant that has not yet been investigated may be associated with anti-VEGF response. Given further supportive
evidence, genetic background could be used to individualize
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anti-VEGF therapy in neovascular AMD patients, identifying
those most likely to achieve optimal response.

APPENDIX 1.
Polymerase chain reaction sequencing primers of candidate
polymorphisms. To access the data, click or select the words
“Appendix 1.”
APPENDIX 2. ASSOCIATION OF CANDIDATE
GENETIC VARIANTS WITH VISUAL OUTCOME
VARIABLES
OR = Odds ratio; CI = Confidence interval; BCVA = Bestcorrected visual acuity *: Major allele homozygote / Heterozygote / Minor allele homozygote **: All odds ratio are
calculated with respect to minor allele †: Uncorrected P-value
from logistic regression model. When applying Bonferroni
correction, uncorrected P-value for significance should be
less than 0.0031. ††: Uncorrected P-value from linear regression model. When applying Bonferroni correction, uncorrected P-value for significance should be less than 0.0031. §:
Analyzed under dominant model because of extremely low
proportion of minor allele homozygotes §§: ε2+ = ε2 carrier,
ε4+ = ε4 carrier. To access the data, click or select the words
“Appendix 2.”
APPENDIX 3. ASSOCIATION OF CANDIDATE
GENETIC VARIANTS WITH TOMOGRAPHIC
OUTCOME VARIABLES
OCT = Optical Coherence Tomography; OR = Odds ratio;
CI = Confidence interval; CSMT = Central subfield macular
thickness *: Major allele homozygote / Heterozygote / Minor
allele homozygote **: All odds ratio are calculated with
respect to minor allele †: Uncorrected P-value from logistic
regression model. When applying Bonferroni correction,
uncorrected P-value for significance should be less than
0.0031. ††: Uncorrected P-value from linear regression model.
When applying Bonferroni correction, uncorrected P-value
for significance should be less than 0.0031. §: Analyzed
under dominant model because of extremely low proportion of minor allele homozygotes §§: ε2+ = ε2 carrier, ε4+
= ε4 carrier. To access the data, click or select the words
“Appendix 3.”
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APPENDIX 4.
Association of candidate genetic variants with number
of injection. OR = Odds ratio; CI = Confidence interval
*: Major allele homozygote / Heterozygote / Minor allele
homozygote **: Uncorrected P-value from linear regression model. When applying Bonferroni correction, uncorrected P-value for significance should be less than 0.0031. †:
Analyzed under dominant model because of extremely low
proportion of minor allele homozygotes ††: ε2+ = ε2 carrier,
ε4+ = ε4 carrier. To access the data, click or select the words
“Appendix 4.”
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